Computer ST-segment quantitation general, the studies have indicated the efficacy of aortocoronary bypass grafts for myocardial revascularization under conditions of rest," and in a few patients, with exercise.'2' 13 Comparisons have not been made, however, between pre-and postoperative flow characteristics of individual patients.
SUMMARY
Twenty-five patients had myocardial blood flow reserve determinations (percentage increase in myocardial blood flow with stress), treadmill exercise tests and coronary and bypass cineangiography preand postaortocoronary bypass surgery. Twenty of the patients had the postoperative studies performed three months after operation, three at two months and two at five and six months, respectively.
Eleven of the 25 patients had all significant coronary artery obstructions (75%1 or greater) bypassed and all grafts were open at the time of restudy. Preoperatively, blood flow reserve had been abnormal in nine and all had positive treadmill tests. Postoperatively, all eleven patients had normal myocardial blood flow response to stress and treadmill tests were negative in ten (one patient was not restudied on the treadmill).
In six patients, no patent grafts could be demonstrated. These patients continued to show abnormal blood flow reserve and positive treadmill studies.
Eight of the 25 patients had partial revascularization in that some grafts were open, some closed, and some significantly occlusive lesions were not bypassed. Four of these eight patients had normal flow and treadmill studies and the remainder continued to have an abnormal response to one or both of the measurements.
The relationship between treadmill exercise response, myocardial blood flow reserve, and graft patency was significant at the 0.005 level for patients with all grafts open or closed. No significant correlation was obtained between any of the measurements in those patients with partial revascularization.
The data indicate that successful aortocoronary bypass grafting provides myocardial revascularization as reflected in a return to normal of the myocardial blood flow reserve and response to treadmill stress testing.
Additional Indexing Words:
Coincidence counting Revascularization Rubidium-84 SEVERAL STUDIES assessing the effects of aortocoronary bypass surgery in relief of angina pectoris' and on left ventricular performance have been reported.2 5 There also have been studies measuring graft and myocardial blood flow at the time of surgery6`10 and in the postoperative period."-" In general, the studies have indicated the efficacy of aortocoronary bypass grafts for myocardial revascularization under conditions of rest," and in a few patients, with exercise.'2' 13 Comparisons have not been made, however, between pre-and postoperative flow characteristics of individual patients.
The purpose of this study was to determine whether myocardial blood flow reserve, the ability to increase myocardial blood flow with increased myocardial oxygen demand, and exercise capacity as measured by treadmill exercise testing were improved following aortocoronary bypass surgery. Patients were studied before and from two to six months after insertion of bypass grafts. Myocardial blood flow, as measured by a coincidence counting system and single bolus of 84Rb'5-'7 and treadmill exercise responses were compared with the patency of the grafts as determined by postoperative coronary cineangiograms.
Material and Methods A total of 25 patients with chronic coronary artery disease, 23 males and two females, were studied before and after aortocoronary bypass surgery. Patients with any evidence for recent myocardial infarction were excluded from the study. Twenty-four patients had complete studies including myocardial blood flow determination at rest and with stress, treadmill stress testing and coronary cineangiography before and after the surgery. All 25 patients had repeat selective coronarv and graft cineangiography.
Twenty of the 24 were restudied three months postoperatively. One patient was restudied at six months, one patient at five months, and three at two months.
Twenty-two patients had saphenous vein bypass grafts exclusively. Two patients had a combination of saphenous vein and internal mammary artery bypasses and one patient had saphenous vein bypass and internal mammary artery implant. Six of the 25 patients had single grafts, the remaining patients having more than one graft.
Myocardial Blood Flow Measurements
All studies were performed in the morning with the patients in a fasting state and without sedation. Measurements were made with patients in the supine position.
Myocardial blood flow (MBF) in ml/min per total heart X as calculated using the formula:
MBF= q(t) f0A0(t)dt where q(t) is the myocardial uptake of 84RbCl as measured by the coincidence counting system'5' 16 and f-,A,(t)dt represents the concentration of the isotope in arterial blood during the first circulation, determined by extrapolation after recirculation begins. The experimental and theoretical background for this technique has been previously discussed in detail. '7 'i The bolus of 84Rb (0.2 ,Ci/kg) is injected into the right atrium via a central venous catheter and followed by a 10 ml saline flush. Simultaneously arterial blood is withdrawn at a constant rate (40 ml/min) from the right femoral arterv into which a short polyethylene catheter (approximately 18 gauge) has been introduced percutaneously. The arterial blood passes through a radicoil inserted in a standard well counter. The radioisotopic counts are totalized every two seconds on a scaler and recorded by a digital printer which in turn resets and restarts the scaler unit. The arterial withdrawal is stopped when, by observing the recorder, it is apparent that the primary arterial curve has been recorded and recirculation has begun.
The mvocardial uptake of 84Rb is measured by the use of two pairs of coincidence detectors, one pair 4 inches in diameter and one 2 inches in diameter. The myocardial pair (4 in) is directed over the center of the cardiac silhouette by an aiming device, the location having been previously determined during fluoroscopic examination of the patient in the test position. The second counting pair (2 in) is positioned over the right hemithorax cephalad to the dome of the liver to count the uptake of 84Rb by the chest wall exclusive of the heart. Uptake of the myocardium is then expressed as the difference between the left and right side counting pairs, after correction for the efficiencies of the two crystal pairs.
Prior to the examination, readings are taken with standard source dishes under the upper crystal of each pair so that body absorption can be determined. The myocardial counts are also totalized at 2 sec intervals and the counts are continued for 3 min.
Twenty patients had myocardial blood flow determinations at rest and with isoproterenol infusion just prior to the arteriographic study. After resting measurements were made, isoproterenol was infused at a rate of 5 ,g/min. The second measurement was made either when angina was induced or when the heart rate had accelerated to 20 beats/minute or more above resting rates. The postoperative studies were at the same rate of infusion and utilized the same end points.
Five patients were studied utilizing right atrial pacing as the stress. In this group, control measurements were made during sinus rhythm after which pacing was begun using a bipolar pacing catheter introduced through the basilic vein into the right atrium and a battery powered pacemaker (Medtronic). The pacing rate was increased until 1:1 atrioventricular (A-V) conduction could just be maintained.
The maximal heart rate achieved was maintained for 3 min before and during the repeat measurement unless angina intervened. If angina intervened, the pacing was continued for the time period necessary to make the myocardial blood flow measurement (45 sec). Postoperative studies were done at identical pacing rates.
Treadmill Studies
The patients were tested on the treadmill one day before the blood flow and arteriographic studies. The exercise STsegment responses were quantitated both visually and by a previouslv described computer technique.20 21 Exercise was terminated when the ST-segment response became positive, the patient attained 90% of predicted maximal heart rate, or unequivocal angina was evoked.
Coronary Arteriographic Studies
Coronarv arteriographic studies were carried out by selectivelv opacifying each coronary artery by hand injections of Renografin 76 or 75% Hypaque through a catheter introduced percutaneously into a femoral artery. The injections were observed on a Philips 6 in image intensifier and recorded at 64 frames/second on 35 mm Eastman Double X negative cine film bv an Arriflex camera with a lens focal length of 100 mm. X-ray exposure time per frame was 5 msec. The coronary cinearteriograms were reviewed by three physicians to confirm the presence of coronary artery disease and to grade the degree of stenosis in each of the three major coronarv arteries and their primarv branches. For the purpose of this study, stenosis was considered significant if graded as 75% or greater obstruction. Selective methods were used to identify patent grafts, aided by previous surgical placement of metallic clips near the anastomatic site of the saphenous vein to the aorta. Grafts were considered to be nonpatent if there was failure to enter FLOW AND EXERCISE POST BYPASS SURGERY These earlier studies indicated that patients with significant obstructions (>75%) in two or three vessels were unable to increase blood flow by more than 40% in response to the doses of isoproterenol employed in this study, with the exception of occasional patients with bridge collaterals around a major obstruction.22 In these cases the flow may or may not be within the normal range. None of the patients in the present study had demonstrable bridge collaterals. Patients with essentially single vessel disease may or may not demonstrate a decreased blood flow reserve.
For the five patients stressed with right atrial pacing, failure to increase flow, or an actual flow decrease, was considered an abnormal response. This is supported by earlier studies demonstrating that patients without significant coronary disease and normal subjects have an increased flow with right atrial pacing; none have shown no increase or an actual decrease, 19 23 , 24 except at rates of 150 beats per minute or greater.24 None of the patients in this series were paced at rates greater than 136 beats per minute. The number of patients comprising the data base for the pacing response is 75.
In the treadmill studies, a postoperative examination was not considered adequate for evaluation unless the pressurerate product exceeded that reached during the preoperative study.
Correlation statistics were done by chi-square analysis.
Results
Patients With All Grafts Open and All Significant Obstructions Bypassed
Of the 25 3)
3)
3) (11 patients) or closed (six patients) the relationship between treadmill response and blood flow measurement was also significant (P < 0.005). In the small group of patients who had some bypasses open and some closed, there was no correlation between blood flow and treadmill studies.
Discussion
The data presented here indicate that successful aortocoronary bypass grafting provides myocardial revascularization as reflected in myocardial blood flow reserve and improved responses to treadmill stress testing. When all significant obstructive lesions were satisfactorily bypassed and the bypasses remained patent, myocardial blood flow reserve was increased and Circulation, Volume 50, October 1974 treadmill stress testing evidence for ischemia was reversed. Conversely, when all grafts were nonpatent, blood flow reserve and treadmill response remained depressed and abnormal, respectively.
While treadmill testing and myocardial blood flow reserve measurements correlated well and were both highly predictive in patients with all bypasses either open or closed, neither study was predictive in those patients where multiple grafts were inserted but only some remained patent. Furthermore, in this group of patients, there was a discrepancy between the treadmill and blood flow results. Which of the two determinations more nearly reflected the revascularization status cannot be stated with certainty. In the patients where there was a discrepancy between the two measurements, the baseline electrocardiograms were abnormal so that the end point for a positive response was exercise-induced chest pain rather than the more objective ST-segment change. 
